The new thioantimonate [Mg(en) 
Introduction
The chemistry of thioantimonates(III) is characterized by a large variety of chemical compositions, primary and secondary building units (SBU) and dimensionalities of the thioantimonate networks. The latter is caused by a very flexible and hierarchical interconnection of the SBU, yielding different dimensionalities of the inorganic network even for a given Sb : S ratio [1 -3] . An interesting aspect of the thioantimonate chemistry is the occurrence of mixed-valence Sb(III)/Sb(V) compounds like in [Ni(dien) 2 ] 2 Sb 4 S 9 [4] . Among the different Sb : S ratios observed in thioantimonate(III) compounds, the [Sb 4 S 7 ] 2− anion with Sb : S = 1 : 1.75 is the most common one. Until now about 40 compounds containing this anion have been reported [1, 3, 5 -24] . Of special interest are open-framework thioantimonates with accessible empty voids, cages or holes. If small molecules within the voids in these frameworks can be exchanged, changes of the physical properties may 0932-0776 / 09 / 1100-1312 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com be induced leading to potential applications as sensors, for example [25] . However, the interaction between the structure-directing molecules or cations with the negatively charged thioantimonate networks is strong and thus preventing the removal of the guests without collapse of the structures. An interesting synthetic approach is to pillar layered thioantimonates(III) with organic structure-directing molecules or metal complexes [26] . However, the successful pillaring of the layers depends on different factors like the thermal stability of the pillar under solvothermal conditions.
In the presence of organic ammonium cations S··· H hydrogen bonding interactions play an important role. Compared to O···H or F··· H bonds the strength of an individual S···H bond is significantly lower, but most thioantimonates(III) with such cations display a large number of such bonds, and therefore they cannot be neglected. Very often, the S··· H bonding interaction leads to fully ordered NH 3 groups, and in most compounds the NH 3 group exhibits a special arrangement with respect to the S atoms of the thioantimonate network [27 -30] .
An example for a three-dimensional thioantimonate network is K 2 Sb 4 S 7 [6] . [1] . The solvothermal synthesis method is most suitable for the preparation of thioantimonates(III). Many compounds were obtained using transition metal complexes either as starting material, or they are formed by in situ reaction between transition metal cations and the amine supplied as structure director and solvent [31 -37] . Until now no thioantimonates(III) containing a main group metal complex cation as structure-directing unit have been reported. In our ongoing work we explored the possibility of using group 2 metal complexes for the synthesis of new thioantimonates(III). In this paper we report the solvothermal synthesis, crystal structure and some selected properties of the first alkalineearth metal complex-containing thioantimonate(III), Mg(en) 3 
Experimental Section
Synthesis Mg (0.164 mmol), SbCl 3 (0.328 mmol) and S (0.657 mmol) were mixed with 5 mL of ethylenediamine in a 35 mL teflon-lined stainless-steel autoclave. The sealed vessel was heated at 170 • C for 10 d. After cooling to r. t., the product was filtered off and washed with water, ethanol and acetone. Large plate-like orange crystals were obtained in a yield close to 100 % based on Sb. Attempts to synthesize the analogous Ca and Sr compounds were not successful despite a large variation of the reaction parameters. Chemical analysis: calcd. N 9.17, C 8.86, H 2.94, S 23.5; found N 10.1, C 9.39, H 3.03, S 23.79 %.
Single-crystal structure analysis
The data were measured using an Imaging Plate Diffraction System (Stoe & Cie IPDS1) with MoK α radiation. The structure was solved with Direct Methods using SHELXS-97 [38] and refined with SHELXL-97 [38] . All non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms were positioned with idealized geometry and refined isotropically using a riding model. Se- lected crystal structure data and results of the structure refinement are shown in Table 1 . CCDC 752314 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
DTA-TG measurements
DTA-TG measurements were performed in Al 2 O 3 crucibles using a STA-409CD thermobalance (Netzsch). The measurements were performed in Al 2 O 3 crucibles under a nitrogen atmosphere with a heating rate of 4 • C min −1 .
X-Ray powder diffractometry
The homogeneity of the product was checked with Xray powder patterns, which were recorded on a Stoe STADI P diffractometer (Ge monochromator, CuK α radiation, λ = 1.54056Å).
Raman spectroscopy
Raman spectra were recorded in the region 100 -3500 cm −1 with a Bruker IFS 66 Fourier Transform Raman spectrometer (wavelength: 541.5 nm).
UV/Vis spectroscopy
UV/Vis spectroscopic investigations were conducted at r. t. using a UV/Vis-NIR two-channel spectrometer Cary 5 (Varian Techtron Pty., Darmstadt). The optical properties of the compound were investigated by studying the UV/Vis reflectance spectrum of the powdered sample. The absorption data were calculated with the Kubelka-Munk relation for diffuse reflectance data. BaSO 4 powder was used as reference material.
Scanning electron microscopy (SEM)/energy dispersive X-ray fluorescence (EDX)
EDX analyses were done with a Philips ESEM XL30 instrument equipped with an EDAX detector.
Elemental analysis
CHN analysis was performed using a Euro EA Elemental Analyzer (Euro Vector Instruments and Software).
Results and Discussion
The title compound crystallizes in the monoclinic space group P2 1 /c (Table 1 ) with all atoms being located on general positions. The primary building units are four trigonal SbS 3 pyramids (Fig. 1 ). Three SbS 3 units (Sb1, Sb3 and Sb4) share common corners to form a six-membered Sb 3 S 3 heteroring. These rings are joined by the Sb(2)S 3 pyramids yielding a chain comprised of alternating Sb 3 S 3 rings and Sb(2)S 3 pyramids running along [001] (Fig. 2) . The chain proceeds in a zig-zag-like fashion. The Sb-S bond lengths are between 2.3302(10) and 2.5095(9)Å (Table 2) which are typical for thioantimonates(III) [1 -26] . The two shortest Sb-S bonds (Sb(2)-S(2): 2.3302(10) and Sb(4)-S(7): 2.3962(9)Å) are observed to the terminal S atoms suggesting stronger bonds. The S-Sb-S angles (Table 2 ) (86.44(3)-101.76(3) • ) indicate a distortion from the ideal trigonal-pyramidal geometry which is often observed in thioantimonate(III) compounds. The chains are arranged in a way that the Sb 3 S 3 rings point toward the pocket formed by the Sb(2)S 3 pyramid joining two adjacent rings (Fig. 2) .
Like in many other thioantimonates(III), the Sb(III) ions in the title compound have next-nearest S neigh- (1), Sb(3), and Sb(4) are enhanced to five and six, respectively, whereas Sb(2) is not involved in such contacts (Fig. 3) . The resulting Sb(4)S 6 unit may be viewed as a strongly distorted octahedron with two short and two long equatorial and one short and one long axial Sb-S distance. The two SbS 5 polyhedra may be described as distorted trigonal bipyramids. These secondary Sb-S bonds join the primary structural units into larger building blocks. The Sb(1)-S(7) (3.0606Å) and Sb(3)-S(7) (3.0696Å) contacts transform the Sb 3 S 3 ring into a Sb 3 S 4 unit with a geometry often called semi-cube, which is a structural motif frequently observed in extended thioantimonate(III) structures.
Moreover, layers extending in the (100) plane are generated by the weak Sb-S contacts. The layered anions are stacked onto each other along [100] with relatively large, nearly rectangular openings composed of eight Sb and eight S atoms (Sb 8 S 8 ) forming tunnels also directed along [100] (Fig. 3) . Another special structural feature of the layer is the occurrence of a cluster-like configuration of three Sb 3 S 4 semi-cubes (Fig. 3) .
The Mg 2+ cation in the charge-compensating complex [Mg(en) 3 ] 2+ is in a distorted octahedral environment of six N atoms of three ethylenediamine molecules, and the conformation of the complex is ∆(λ λ δ ). The Mg-N bond lengths (Table 2) range from 2.193(3) to 2.224(3)Å, which are typical values found in the literature [39] . Notably, the [Mg(en) 3 ] 2+ unit has only been structurally characterized in two compounds [39] . The N-Mg-N an- • for Ni 2+ .
The [Mg(en) 3 ] 2+ cations are positioned between the anionic thioantimonate(III) layers and are located above and below the periphery of the rectangular rings (Fig. 4) .
Eleven of the twelve H atoms bonded to N atoms and six out of the seven S atoms are involved in H bonding interactions (Table 3) . Although S···H bonds are weak, the large number of such interactions leads to a significant contribution to the stability of the compounds. Transition metal-containing counterions atmosphere. Above about 220 • C the emission of the en ligands starts, and the thermal decomposition reaction is accompanied by an intense endothermic signal in the DTA curve. The decomposition is finished at about 350 • C, and in the grey residue only the reflections of Sb 2 S 3 could be observed in the X-ray powder pattern. However, since several reflections of MgS and Sb 2 S 3 overlap, and the scattering power of Mg is much lower than that of Sb, the presence of MgS in the thermal decomposition product could not be proven unambiguously by powder diffractomery.
The optical band gap of the compound was determined by diffuse UV/Vis reflectance measurements (Fig. 5) . The observed value of about 2.35 eV is in good agreement with the orange color of the compound. The metal cation seems to have no significant influence on the optical band gap because similar values were reported for Ni 2+ (2.35 eV) and Fe 2+ (2.25 eV), indicating that M 2+ -based electronic states are not heavily involved in the electronic transition.
The Raman spectrum of the title compound is displayed in Fig. 6 . The typical resonances of the SbS x (x = 3 -6) stretching vibrations occur between 250 and 400 cm −1 . In the present spectrum several intense signals are located in this region. On the basis of literature data [40] [41, 42] . According to the assignment of the bands in the Raman spectrum of [Cr(tren)SbS 3 ]·H 2 O (tren = tris(2-aminoethyl)amine) the resonance at about 281 cm −1 may be caused by an asymmetric S-Sb-S stretching mode. The signals at 312 and 295 cm −1 may be due to the weak bonding interactions between the Sb(III) ions and the next-nearest S atoms [41, 42] . Resonances located at about 320 and 290 cm −1 were explained with the presence of SbS 5 units displaying the typical bonding pattern of three short and two long secondary bonds [41, 42] . As discussed above two Sb atoms in the title compound are in a 3 + 2 environment of S atoms, and therefore the two resonances at 312 and 296 cm −1 may be caused by these two SbS 5 groups. The signature of the SbS 6 unit may also occur in this region and/or participates in these two low-energy bands. Further assignment of the remaining resonances is difficult because lattice vibrations are also located in the region below about 250 cm −1 . 3 ] 2+ complexes force the formation of a chain anion. Hence, the structure of the title compound is another example supporting the postulated relation between cation size and dimensionality of the thiometalate anion.
Conclusions

